Even though Chaenomeles sinensis is extensively used as a medicinal product to cure coughs, little is known about the biomedical efficacies of C. sinensis. In this study, we report the novel efficacy of C. sinensis extract (Cs-E01). Our 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and superoxide anion scavenging assays revealed that Cs-E01 exhibits strong antioxidant activity in vitro. In addition, Cs-E01 played a negative role in transforming growth factor (TGF-β1)-induced gene expression in LX-2 cells, suggesting that Cs-E01 is related to the cellular pathway suppressing liver damage.
Antioxidants protect the living body by removing toxic action of active oxygen [2a] . When the antioxidant cannot properly remove active oxygen, various diseases and aging are caused by accumulated active oxygen. Antioxidant enzymes naturally present in the human body include superoxide dismutase (SOD), glutathione and peroxidase [2a] . First, we investigated whether Cs-E01 shows a cytotoxic effect on human kidney epithelial cells (HEK-239). Cytotoxic effect by Cs-E01 on HEK-239 cells was not observed, suggesting that Cs-E01 does not have a negative effect on human normal cells ( Figure 1A ). The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay provides an easy and rapid way to evaluate potential antioxidants. Our DPPH radical scavenging assay suggests that Cs-E01 has an excellent effect on removing DPPH free radicals ( Figure 1B ). In addition, superoxide anion scavenging activity of Cs-E01 was also examined. The result showed that Cs-E01 has a strong superoxide anion scavenging activity ( Figure 1C) . Therefore, our results suggest that Cs-E01 has excellent antioxidant activity.
Liver fibrosis is caused by various forms of chronic liver injury, including virus infection, autoimmune liver diseases and constant alcohol abuse [2b] . Activation of hepatic stellate cells (HSC) is recognized as a major source of the matrix proteins and has a crucial role in the growth and development of liver fibrosis [3, 4] . After HSCs are activated, enhanced expression of collagen type I alpha 1 chain (COLIA1) is observed, and then this induction is involved in eliciting liver cirrhosis [5a]. Since the LX-2 human cell lines exhibit the features of activated stellate cells [5b], they have been widely used for fibrosis studies. Here, we used LX-2 cells to examine the cellular effects of Cs-E01 in liver fibrosis. Transforming growth factor (TGF-β1) is the most powerful profibrogenic cytokine [6a] . To determine the efficacy of Cs-01 in activated LX-2 cells, we tested whether Cs-01 has a cellular effect on TGF-β1-induced cell proliferation in LX-2 cells. The result revealed that Cs-01 suppresses TGF-β1-induced proliferation in (1-100 μg/mL), and cell viability at 24 h was determined using the MTS colorimetric assay. Error bars represent SE from three biological replicates. (B) DPPH radical scavenging assay using Cs-E01 (1-100 μg/mL). Ascorbic acid was used as a positive control. Error bars represent SE from three technical replicates. (C) Superoxide anion scavenging assay using Cs-E01 (1-100 μg/mL). Quercetin was used as a positive control. Error bars represent SE from three technical replicates.
LX-2 cells (Figure 2A ). In addition, treatment of Cs-E01 to LX-2 cells significantly reduced TGF-β1-induced COLIA1 expression ( Figure 2B ). Therefore, these results suggest that Cs-E01 participates in cellular mechanism attenuating liver damage by suppressing TGF-β1-induced gene expression. Similar results were also observed in diphenyleneiodonium (DPI)-treated cells [6b].
In summary, here we suggest that Cs-E01 has potent antioxidant activity and plays a negative role in activated LX-2 cells suppressing TGF-β1-induced gene expression. Therefore, Cs-E01 can be used as a potential antioxidant and might be effective in attenuating liver damage.
Experimental

MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H tetrazolium) assay in HEK-293 cells:
Hydrothermal extraction is known as a natural and green way for antioxidant compounds extraction [7] . Cs-E01 was extracted by hydrothermal extraction method as described previously [7] . For MTS assay, the cells were seeded in a 96-well (4 × 10 incubation, 20 μL of the MTS working solution (2 mg/mL in PBS) was added to each well and incubated at 37 °C for 4 h. Absorbance at 490 nm was measured using a microplate reader (PerkinElmer) and cell viability was determined as the percentage of MTS reduction, assuming the absorbance of control cells as 100 %.
DPPH radical scavenging assay: DPPH radical scavenging assay was performed as described previously with minor modifications [8, 9] . Briefly, the reaction mixture contained 50 µL of Cs-E01 (1 to 100 µg/mL) and 5 mL of 0.004 % (w/v) DPPH solution. The mixture was incubated for 30 min at room temperature, and then the activity was measured spectrophotometrically at 517 nm. The blank was 80 % (v/v) ethanol. DPPH scavenging effect was calculated using the following equation:
DPPH scavenging effect (%) = {(A0-A)/A0} X 100 Where A0 is the absorbance of negative control (0.004 % DPPH solution) and A is the absorbance in presence of Cs-E01.
Superoxide anion scavenging assay: Superoxide levels were measured as described previously [10] . In an acidic solution, nitrite ions are converted to nitrosonium ions; a diazotizing reagent (sulfanilic acid) is added to form a diazonium ion and this diazonium ion binds with N-(1-naphthyl) ethylenediamine dihydrochloride to produce an azo compound, which is observable as a magenta dye [11] . After stopping the reaction by HCl, the coloring reagent consisting 200 µL sulfanilic acid (final concentration; 300 µg/mL), 200 µL of N-(1-naphthyl)-ethylenediamine dihydrochloride (final concentration; 5 µg/mL), and 1 mL of glacial acetic acid (final concentration; 16.7% (v/v)) was added. The mixture was allowed to stand for 30 min at room temperature, and the absorbance at 550 nm was measured by spectrophotometer. Superoxide scavenging effect was calculated as following formula:
Superoxide scavenging effect (%) = {A0-A/(A0)} X 100 Where, A0 is the total absorbance in absence of Cs-E01 and A is the absorbance in presence of Cs-E01.
qRT-PCR:
qRT-PCR of COLIA1 was performed using LX-2 cells treated with TGF-β1 (10 ng/mL) alone or in combination with different doses of Cs-E01. The mRNA levels of COLIA1 were relatively assessed using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as a housekeeping gene. The primer pairs (sense/antisense) for COLIA1 were 5'-TGG ATT CCA GTT CGA GTA 165 TG-3' and 5'-AGG TGA TGT TCT GGG AGG CC-3'; for GAPDH were 5'-AGG GAT CTC GCT CCT GGA AG-3' and 5'-TGA AGG TCG GTG TCA ACG GA-3'. qRT-PCR was performed using the real-time PCR system (Crobett Research). Quantitative assessment of cDNA was performed by a SYBR Green Master Mix Kit (Biosystems). qRT-PCR data were recorded and analyzed with Rotor-Gene Q Software. Results were expressed as a fold change relative to the control.
